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ABSTRACT 



An optical amplifier repeater is provided having a first 
optical amplifier that amplifies a main signal light and 
supervisory signal light transmitted on an up optical-fiber 
transmission line and a second optical amplifier that ampli- 
fies the main signal light and supervisory signal light trans- 
mitted on a down optical-fiber transmission line. Further, a 
transfer unit that is provided transfers part of the supervisory 
signal light transmitted on the up optical-fiber transmission 
line onto the down optical-fiber transmission line and trans- 
fers part of the supervisory signal light transmitted on the 
down optical-fiber transmission line onto the up optical-fiber 
transmission line. The transfer unit has an optical amplifier 
output side transfer unit that transfers supervisory signal 
light reflected by a first light-reflecting device inserted to the 
output side of the first optical amplifier to the output side of 
the second optical amplifier, and transfers the supervisory 
signal light reflected by a second light-reflecting device 
inserted to the output side of the second optical amplifier to 
the output side of the first optical amplifier. 

45 Claims, 13 Drawing Sheets 
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OPTICAL AMPLIFIER REPEATER like or corresponding parts are indicated by like reference 

numerals as used in FIG. 1 and ibe explanations thereof are 
omitted. 

HELD OF THE INVENTION Meanwhile, in all of the drawings attached to this 

This invention relates to an optical amplifier repeater that ^ specification, like or corresponding parts are indicated by 

is inserted into the optical transmission line to compensate reference numerals and the explanations thereof are 

the attenuation of optical signal on the optical transmission omitted herein. 

line and to supervise the optical transmission line. Id FIG. 3, 20a is a first optical bandpass filter and 206 is 

a second optical bandpass filter These optical bandpass 

BACKGROUND OF THE INVENTION 10 filters are designed to pass only supervisory signal Ught. 

Regarding the prior art to the invention, for example, F^^. 4 is a block diagram showing the operation of the 

Japanese patent application laid-open No. 6-204949 (1994) op^^^al amplifier repeater 1 m FIG. 3. Although, compared 

(hereinafter referred as ^prior art 1') titled "Optical Trans- "^^^ ^^e operation in prior art 1 in FIG. 2, the intensity of 

mission System" discloses an optical amplifier repeater. main signal hght transferred from the up optical-fiber irans- 

^. . L mission hne to the down optical-fiber transmission hne is 

no 1 ^ a block diagram showing the composiUon of the ^^^^^^^^ ^ ^j^^^j^j ^^^^ ^^^^ f.^ 

op tea amphfier repeater m pr.or art 1 In FIG. 11 is the ^^.^ , wavelengths near the supervisory 

optical amphfier repeater. 2a is a first optical amphfier. 2b .s j ^ sufficiently attenuated. 

a second optical amplifier, 3a is a first optical coupler, 3o IS f . . • ■ ^ j r .l i 

a second optical coupler, 4fl is a first optical attenuator, and 20 ^ is because the transm.ss|on band of the optical 

46 is a second optical attenuator ''»'«'P^^ "^f'^'^'L^^T "y 

the transmittance of optical filter in FIG. 4). Therefore, there 

-nie up optical-fiber transmission hne and down optical- ^ ^ p^^lem in that the main signal light, with a wavelength 

fiber transmission line comprise opposed lines. adjacent to the supervisory signal light, interferes with the 

RG. 2 is a block diagram showing the operation of the main signal light transmitted through the down optical-fiber 

optical amplifier repeater 1. In FIG. 2, like parts are indi- transmission line to deteriorate its characteristic, 

caled by like reference numerals as used in FIG. 1. Optical ^^der to prevent the characteristic from deteriorating, 

signals with four wavelengths U to X4 transmitted through wavelength of supervisory signal Ught is located apart 

the up optical-fiber transmission line are wavelength- from the wavelength of the main signal light. However, it is 

multiplexed, and supervisory signal hght with a wavelength ^^en required to undesirably widen the amplification wave- 

of Xsvl is added thereto. length b^nd of the optical amplifier. 

Optical signal on the up optical-fiber transmission line is wv^w^^^^wt 

output throuih the first opti^I coupler 3., the first optical SUMMARY OF THE INVENTION 

attenuator 4a and the second optical coupler 3b to the down Accordingly, it is an object of the invention to provide an 

optical-fiber transmission line. Supervisory signal light out- optical amplifier repeater where only the supervisory signal 

put to the down optical-fiber transmission line is received light can be transferred from the up optical-fiber transmis- 

. and measured by a transmission terminal on the up optical- sion line to the down optical-fiber transmission line, 

fiber transmission line, whereby the monitoring of the trans- It is a further object of the invention to provide an optical 

mission line is conducted. amplifier repeater that supervisory signal light can be trans- 

However, in the above monitoring method explained in ferred to the opposed transmission line from both the output 

FIG. 2, there is a problem as described below. Namely, since side and input side of optical amplifier, 

losses at the first optical coupler 3a, the first optical attenu- It is a still further object of the invention to provide an 

ator 4fl and the second optical coupler 3b are almost equal optical amplifier repeater that the return circuit between the 

for each wavelength, optical signal with wavelengths on the up and down optical-fiber transmission lines is connected by 

up optical-fiber transmission line is transferred to the down one optical transmission line. 

optical-fiber transmission line while having the ratio of According to the invention, an optical amplifier repeater, 

intensity only moderately changed. Thus, main signal trans- comprises: 

ferred from the up optical-fiber transmission line to the a first optical amplifier that amplifies main signal light and 

down optical-fiber transmission line interferes with the main supervisory signal light transmitted on an up optical-fiber 

signal transferred through the down optical-fiber transmis- transmission line; 

sion line, reducing the signal-to-noise ratio. ^ second optical amplifier that amplifies main signal light 

Although the intensity of main signal light transferred and supervisory signal light transmitted on a down optical- 

from the up optical- fiber transmission line to the down fiber transmission line; 

optical-fiber transmission line may be sufi5ciently weakened a transfer means that transfers part of supervisory signal 

to prevent the S/N ratio from being reduced, the intensity of 55 light transmitted on the up optical-fiber transmission line 

supervisory signal light transferred from the up optical-fiber onto the down optical-fiber transmission line, and that 

transmission line to the down optical-fiber transmission is transfers part of supervisory signal light transmitted on the 

also weakened. Therefore, there is a problem in that a down optical-fiber transmission line onto the up optical-fiber 

high -precision reception circuit is needed to receive such transmission line; 

supervisory signal hght. 60 wherein the transfer means comprises an optical amplifier 

Also, Japanese patent apphcation laid-open No. 8-181656 output side transfer means that transfers supervisory signal 

(1996) (hereinafter referred as *prior art T) titled "Moni- light reflected by a first light-reflecting means inserted to the 

toring Device for Optical WDM Communication Transmis- output side of the first optical amplifier to the output side of 

sion Line" discloses another prior art optical amplifier the second optical amplifier, and transfers supervisory signal 

repeater. 65 light reflected by a second light-reflecting means inserted to 

FIG. 3 is a block diagram lowing the composition of the the output side of the second optical amplifier to the output 

optical amphfier repealer in the second prior art. In FIG. 3, side of the first optical amphfier. 
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According to another aspect of the invention, an optical wherein the transfer means comprises a first light- 
amplifier repeater, comprises: reflecting means that is connected to the forward output port 

a first optical ampUfier that amplifies main signal light and of second-order side transmission line of a first optical 

supervisory signal Hght transmitted on an up optical-fiber coupler disposed on the output side of the first optical 
transmission line; ^ amplifier, a second light-reflecting means that is connected 

a second optical amplifier that amplifies main signal light ^. forward output port of the second-order side irans- 

and supervisory signal light transmitted on a down optical- second opucal coupler disposed on the 

fiber transmission line; °"^P"* ^^^^ ^^"^ ^^^'^^^ amplifier, a third hght- 

- . . f . r • 1 reflecting means that is connected to the forward output port 

a transfer means that transfers part of supervisory signal ^p,u^ «f „ tu,v/««f;^oi 

.J . 1 CL . • • 1- 10 or the second-order side transmission line of a third optical 

hght Uansmitted on the up opUcal-fiber transmission inc ^ j J .^^^ 

onto the down opt.cal-fibcr trai^mi^ion line and that ^^^^^^ ^ light-reflecting means that is connecled to 

translere part ot supervisory^ si^al Ugnt transmmea on me fo^^j " « ^cond^)rder side transmis- 

down optical-fiber transmission line onto the up optical-fiber ^ fourth optical coupler disposed on the input 

transmission line, ^^^^ second optical amplifier, an optical transmission 

wherein the transfer means comprises an optical amplifier ^^^^ ^^^^ connects between the reverse output port of the 

input side transfer means that transfers supervisory signal secondK)ider side transmission line of the fourth optical 

light reflected by a third light-reflecting means inserted to ^^^^^^^ j^e reverse output port of the second-order side 

the mput side of the first optical amplifier to the output side transmission line of the first optical coupler, and an optical 

of the second optical amplifier, and transfers supervisory transmission line that connects between the reverse output 

signal light reflected by a fourth light-reflecting means port of the second-order side transmission line of the second 

inserted to the input side of the second optical amplifier to ^^^-^^^^ coupler and the reverse output port of the second- 

the output side of the first optical amplifier. ^^^^j. gj^jg transmission line of the third optical coupler. 

According to another aspect of the invention, an optical 

amplifier repeater, comprises: 25 BRIEF DESCRIPTION OF THE DRAWINGS 

a fir^t optical amplifier that amplifies main signal light and .^^^^^.^^ ^.jj j^.^^^ ^^^^ ^^^^-j 

supervisory signal hght transmitted on an up optical-fiber .^^^^^ appended drawings, wherein: 

transmission hne; . . . , , . . . . , 

. , , ..... FIG. 1 is a block diagram showing the conventional 

a second optical amplifier that amplifies main signal light . , . • • «i 
, ^ , . , , f . J *• 1 m optical amplifier repeater in prior art 1 

and supervisory signal light transmitted on a down optical- 30*' ^ ^ . ^ , 

fiber transmission line; FIG- 2 is a block diagram showmg the operation of the 

a transfer means that transfers part of supervisory signal ^P^^^^^ ^^P^^^" ^*^P*=^^^^ ^" 

light u-ansmitted on the up optical-fiber transmission line FIG- 3 is a block diagram showing the other conventional 

onto the down optical-fiber transmission line, and that optical ampUfier repeater in pnor art 2; 

transfers part of supervisory signal light transmitted on the FIG. 4 is a block diagram showing the operation of the 

down optical-fiber transmission line onto the up optical-fiber optical amplifier repeater in FIG. 3; 

transmission line; FIG. 5 is a block diagram showing an optical amplifier 

wherein the transfer means comprises an optical amplifier repeater in a first preferred embodiment according to the 

output side transfer means that transfers supervisory signal invention; 

light reflected by a first light- reflecting means inserted to the piG. 6 is a block diagram showing the operation of the 

output side of the first optical amplifier to the output side of optical amplifier repeater in FIG. 5; 

the second optical amplifier, and transfers supervisory signal j ^ ^^^^^ ^-^ showing an example of a 

light reflected by a second light-reflecting means inserted to transmission-line monitoring method using the optical 

the output side of the second optical amplifier to the output y^^^^ ^ invention; 

side of the first optical amplifier, and an optical amplifier „ . . . , ... r 

input side transfer means that transfers supervisory signal /I^. 8 is an operation time chart showing the wavefomi 

light reflected by a third light-re fleeting means inserted to «f transferred supervisory signal light observed at terminal 

the input side of the first optical amplifier to the output side equipment; 

of the second optical ampUfier, and transfers supervisory . FIG, 9 is a block diagram showing an optical amplifier • 

signal Ught reflected by a fourth light-reflecting means repeater in a second preferred embodiment according to the 

inserted to the input side of the second optical amplifier to invention; 

the output side of the first optical amplifier. FIG. 10 is a block diagram showing an optical amplifier 

According to another aspect of the invention, an optical repeater in a third preferred embodiment according to the 

ampUfier repeater, comprises: invention; 

a first optical ampUfier that amplifies main signal light and FIG. 11 is a block diagram showing an optical amplifier 

supervisory signal Ught transmitted on an up optical-fiber repeater in a fourth preferred embodiment according to the 

transmission line; invention; 

a second optical amplifier that amplifies main signal Ught FIG. 12 is a block diagram showing an optical amplifier 
and supervisory signal light U-ansraitted on a down optical- 50 repeater in a fifth preferred embodiment according to the 

fiber transmission Une; invention; 

a transfer means that transfers part of supervisory signal FJG. 13 is a block diagram showing an optical amplifier 

light transmitted on the up optical-fiber transmission line repeater in a sixth preferred embodiment according to the 

onto the down optical -fiber transmission line, and that invention; 

transfers part of supervisory signal light transmitted on the 65 FIG. 14 is a block diagram showing an optical amplifier 

down optical-fiber transmission line onto the up optical-fiber repeater in a seventh preferred embodiment according to the 

transmission Une; invention; 
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FIG. 15 is a block diagram showing an optical amplifier sion liae in the forward direction from the reverse output 

repeater in an eighth preferred embodiment according to the port of the second-order side transmission line of the optical 

invention; coupler 3a through the reverse output port of the second- 

nC. 16 is a block diagram showing an optical ampUfier order side transmission line of the optical coupler 3f), then 
repeater in a ninth preferred embodiment according to the 5 coupled to the first-order side transmission line and trans- 
invention; ferred. 

FIG. 17 is a block diagram showing an optical amplifier ^ext, the hinction of the third optical coupler 3c of the 

repeater in a tenth preferred embodiment according to the P<>^t-stage optical amphfler repeater 1-2 ^ explamed. 

invention' signal light and supervisory signal hght on the input 

FIG. 18 is a block diagram showing an optical ampUfier ^0 i^^;^ 

repeater in an eleventh preferred embodiment according to transmission line by the third optical coupler 3c, passing 

the invention; and through the third optical attenuator 4c, the third light- 

FIG. 19 is a block diagram showing an optical amplifier reflecting means 5c and the third reflectionless terminal 6c. 

repeater in a twelfth preferred embodiment according to the Here, only supervisory signal light is reflected and for- 

invention. warded in the reverse direction through the second-order 

DESCRIPTION OF THE PREFERRED ^^^^ transmission line of the optical coupler 3c. Then, 

EMBODIMENTS supervisory signal light forwarded reversely to the first - 

order side transmission line of the optical coupler 3c is 

The preferred embodiments of this invention will be divided, passing reversely through the up optical-fiber trans- 
explained below, referring to the drawings. 20 mission line to the pre-stage optical amplifier repeater 1-1, 

RG. 5 is a block diagram showing an optical amplifier output to the direction of the down optical-fiber transmission 

repeater in the first preferred embodiment according to the line through the second optical coupler 3b. 

invention. In FIG. 5, 3c is a third optical coupler, 3t^ is a FIG, 7 is a block diagram showing a monitoring method 

fourth optical coupler, 4c is a third optical attenuator, 4d is in the first preferred embodiment accx)rding to the invention, 

a fourth optical attenuator, 5fl is a first light-reflecting means 25 In FIG. 7, 7, 8 are transmit/receive terminal equipment, 9 is 

(which is composed of, e.g., an optical grating), 5b is a an optical-fiber transmission line, 10 is an optical 

second light-reflecting means, 5c is a third light-reflecting transmitter, 11 is an optical coupler for coupling, 12, 13 are 

means, Sd is a fourth light-reflecting means, and 6a, 6b, 6c ?Pt^cal amplifiers, 14 is an optical coupler for dividing, 15 

and 6d are reflectionless terminals. ^ ^ °P^^^,^1 bandpass filter, 16 is an optical receiver, 17, 18 

. . , . ™^ - . , ,. 30 are optical couplers tor dividing, and 19 is a transmission - 

As shown also in FIG. 5, the up and down hnes are j.^^ monitorine unit 

symmetrical with each other. Therefore, in the explanations composition in FIG. 7, the up and down 

below, only the transfernng of supervisory signal light from ^ transmLion fines are symmetrical with each 

the up oplical-fiber transmission line to the down optical- ^{j^^^ Therefore, only the up optical-fiber transmission line 

fiber transmission line is explained. ^^^^ ^^^-^^^ transmit/receive terminal equipment 7 to the 

Also, as a matter of convenience for explanation, at each optical transmit/receive terminal equipment 8 is explained 

optical coupler, a transmission line for main signal light is below. 

called * first-order side transmission line* and a transmission Also, since the operation of the optical amplifier repeaters 

line optically-connected to this first-order side transmission i.i and 1-2 is discussed in FIG. 6, the explanations thereof 

line is called 'second-order side transmission line'. omitted here. 

The first-order side transmission line is inserted in series The optical transmitters 10 in the optical transmit/receive 
into the up or down optical-fiber transmission line, and an terminal equipment 7 generate lights with diflferent 
optical signal light in the same direction as signal light wavelengths, which are modulated, e.g., PCM-modulated, 
transferred on the up or down optical-fiber transmission line by different signals (DATAl to DArA4). The outputs of the 
is divided to the second-order side transmission line. optical transmitters 10 are multiplexed by the optical coupler 
, A port from which the divided optical signal light is 11 to give wavelength-multiplexed main signal light, sup- 
output is called 'forward output port' of the second-order plied through the optical amplifier repeater 1 to the optical 
side transmission line, and its opposed port is called *reverse transmit/receive terminal equipment 8, amplified by the 
output port' of the second-order side transmission line, optical amplifier 13, demultiplexed by the optical coupler 

FIG. 6 is a block diagram showing the operation of the jq 14, separated into main signal light with each wavelength by 

optical amplifier repeater 1 in FIG. 5. In FIG. 6, to explain the optical bandpass filter 15, detected by the optical 

the function of the optical coupler 3c, the two-stage con- receiver 16 to reproduce signals (DATAl to DArA4). 

neclion of a pre-stage (in the up direction) optical amplifier On the other hand, supervisory signal light is transmitted 

repeater 1-1 and a post-stage (in the up direction) optical by the transmission-line monitoring unit 19. coupled with 

amplifier repeater 1-2 is shown. 55 main signal light on the optica I- fiber transmission line 9 by 

Combined main signal light and supervisory signal light the optical coupler 17. Part of this supervisory signal light is, 

are forwarded in the same direction as that of light on the as explained in FIG. 6, transferred to the down transmission 

first-order side transmission line, to the second-order side line, divided by the optical coupler 18, supplied into the 

transmission line of the first optical coupler 3a in the transmission-line monitoring unit 19. 

pre-stage optical amplifier repealer 1-1, and are output from 50 The transmission-line monitoring unit 19 monitors 

the forward output port through the first optical attenuator 4a whether the optical amplifier repeater 1 operates normally, 

to the first light-reflecting means 5a. based on the intensity amplitude, phase, frequency and time 

Here, main signal light passes through the light -reflecting difference information of transmitted supervisory signal 

means 5a, and is then dispersed by the reflectionless termi- light and received supervisory signal light, 

nal 6a, 65 FIG. 8 is an operation time chart showing the change of 

Also, supervisory signal light is reflected by the light- optical power with time of supervisory signal light observed 

reflecting means 5fl, passing the second-order side transmis- by the transmission -line monitoring unit 19 in FIG. 7. 
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When the reflection wavelength of the first light -re fleeting 
means 5a is the same as the third light-reflecting means 5c, 
it is difficult to distinguish supervisory signal light returned 
at the input point of the first optical amplifier 2a from 
supervisory signal light returned at the output point of the 5 
first optical amphfier 2a. Therefore, it is preferable that the 
reflection wavelength Xsvll of the first hght-reflecting 
means 5a is set different from the reflection wavelength 
Xsvl2 of the third light-reflecting means 5c. 

When supervisory signal light with wavelength XsvU is 10 
used, it is transmitted through the third light-reflecting 
means 5c. Therefore, no supervisory signal light is turned 
back at the input point of the first optical amplifier 2a and the 
supervisory signal light is turned back only at the output 
point of the first optical amplifier 2a. is 

Also, when supervisory signal light with wavelength 
Xsvl2 is used, it is transmitted through the first light- 
reflecting means 5a. Therefore, no supervisory signal light is 
turned back at the output point of the first optical amplifier 
2a and the supervisory signal light is returned only at the 20 
input point of the first optical amplifier 2a. 

FIG. 8 shows the intensity of supervisory signal light thus 
obtained. In FIG. 8, supervisory light 1 indicates supervisory 
signal light with wavelength Xsvll, and supervisory light 2 
indicates supervisory signal light with wavelength ?lsv12. 25 

Supervisory signal light with wavelength Xsvll and 
supervisory signal light with wavelength Xsvl2 may be 
transmitted simultaneotisly and then monitored separately 
by the optical filter in the transmission-line monitoring unit 

19. 30 

In FIG. 8, it is shown that the ratio of supervisory signal 
light at the output side and input side of the optical amplifier 
2a can be measured precisely. 

Although the invention is explained taking the preferred 
embodiment above as an example, it can incur various 
modifications. 

For example, although in the embodiment in FIG. 1, the 
light-reflecting means (5a, 5/j, 5c, Sd) are all connected to 
the second-order side transmission hne of the optical coupler 
(3a, 3b J 3c, 3i/), they may be inserted directly to the up and 
down optical-fiber transmission lines. However, in this case, 
it is designed so that only part of supervisory signal light 
reflects. 

FIG. 9 is a block diagram showing an optical amplifier 45 
repeater in the second preferred embodiment according to 
the invention. Light-reflecting means (5a, 5b, 5c, Sd) in RG, 
9 can attain the same function as the light-reflecting means 
in FIG. 5. Also, in this case, the second-order side trans- 
mission hnes of the first optical coupler 3a and second 5Q 
optical coupler 3b are terminated at the reflectionless ter- 
minals 6a, 66, respectively. 

Although, in the first embodiment in FIG. 5, supervisory 
signal light reflected by the third light-reflecting means is 
transferred to the opposed transmission line in the pre-stage 55 
optical amplifier repeater 1, this transfer may be conducted 
inside the optical amplifier repeater 1. 

FIG. 10 is a block diagram showing an optical amplifier 
repeater in the third preferred embodiment according to the 
invention. In FIG. 10, the fourth optical coupler 3d is 60 
provided and supervisory signal light reflected by the third 
light-reflecting means 5c is transferred through the fourth 
optical coupler 3d to the down optical-fiber transmission 
line. 

Similarly, supervisory signal light reflected by the fourth 65 
light-reflecting means Sd is transferred through the first 
optical coupler 3a to the up optical-fiber transmission line. 
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FIG. 11 is a block diagram showing an optical amplifier 
repeater in the fourth preferred embodiment according to the 
invention. In FIG. 10, shown is an example that two light - 
reflecting means are cascaded. A light-reflecting means Se is 
cascaded to the light-reflecting means 5a, a light-reflecting 
means 5/ to the light-reflecting means Sb, a light-reflecting 
means 5g to the light-reflecting means 5c and a light- 
reflecting means Sh to the light-reflecting means 5d. 

In this embodiment, the degree of freedom for the wave- 
leagth selection of supervisory signal light can increase, or 
multiple supervisory signal lights with different wavelengths 
can be transferred. 

Further, to achieve the goal of the invention, supervisory 
signal light need only be transferred from either of the input 
and output points of the optical amplifier (2a, 2b) in the 
optical amplifier repeater to the transmission line composing 
the opposed line. 

FIG. 12 is a block diagram showing an optical amplifier • 
repeater in the fifth preferred embodiment according to the 
invention. In this embodiment, the light-reflecting means 5a 
and 5b in FIG. 9 are removed and supervisory signal light is 
transferred from only the input point of the optical amplifier 
(2a, 2b) to the transmission line composing the opposed line. 

FIG. 13 is a block diagram showing an optical amplifier 
repeater in the sixth preferred embodiment according to the 
invention. In this embodiment, the light-reflecting means 5c, 
Sd inserted directly into the transmission line in FIG. 12 are 
inserted to the second-order side transmission lines of the 
optical couplers 3c, 3d that are provided additionally. This 
can operate like the circuit in FIG. 12 if the reflectivity of 
optical grating is increased by the coupling loss of the 
optical coupler. 

FIG. 14 is a block diagram showing an optical amplifier 
repeater in the seventh preferred embodiment according to 
Uie invention. The light-reflecting means 5c, Sd in FIG. 9 are 
removed and supervisory signal light is transferred from 
only the output point of the optical amplifier (2a, 2b) to the 
transmission line composing the opposed line. 

FIG. 15 is a block diagram showing an optical amplifier 
repeater in the eighth preferred embodiment according to the 
invention. In this embodiment, the light-reflecting means 5a, 
Sb inserted directly into the transmission line in FIG. 14 are 
inserted to the second-order side transmission lines of the 
optical couplers 3a, 3b. This can operate like the circuit in 
FIG. 14 if the reflectivity of optical grating is increased by 
the coupling loss of the optical coupler. 

FIG. 16 is a block diagram showing an optical amplifier 
repeater in the ninth preferred embodiment according to the 
invention. Although in the composition in FIG. 13, super- 
visory signal light reflected by the light-reflecting means 5c, 
Sd is transferred to the transmission line composing the 
opposed line in the pre-stage optical amplifier repeater 1, in 
this embodiment, through the optical couplers 3c, 3d, it may 
be transferred to the transmission line composing the 
opposed line inside the concerned optical amplifier repeater 
1. 

FIG. 17 is a block diagram showing an optical amplifier 
repeater in the tenth preferred embodiment according to the 
invention. In this embodiment, the light-reflecting means 5c, 
Sd inserted directly into the transmission line in FIG. 16 are 
inserted to the second-order side transmission lines of the 
optical couplers 3c, 3d, This can operate like the circuit in 
FIG. 16 if the reflectivity of optical grating is increased by 
the coupling loss of the optical coupler. 

FIG. 18 is a block diagram showing an optical amplifier 
repeater in the eleventh preferred embodiment according to 
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ihe invention. Different from the circuit in FIG. 16 that part 
of supervisory signal light is reflected at the input point of 
the optical amplifier 2a, 2b by the light- re fleeting means 5c, 
5d, in this embodiment, part of the supervisory signal light 
is reflected at the output point of the optical amplifier 2a, 2b s 
by the light-reflecting means 5a, 5b. 

FIG, 19 is a block diagram showing an optical amplifier 
repeater in the twelfth preferred embodiment according to 
the invention. In this embodiment, the light-reflecting means 
5a, Sb inserted directly to the transmission line in FIG. 18, lo 
are inserted to the second -order side transmission line of the 
optical couplers 3a, 36. 

Meanwhile, the light-reflecting means used in the inven- 
tion can be an optical grating, which may have a sharp 
wavelength characteristic to reflectivity using an optical 15 
fiber grating or optical waveguide grating. 

Further, the wavelength of supervisory signal light used 
for the up optical-fiber transmission line may be the same as 
or different from that used for the down optical-fiber trans- 
mission line. 20 

In this invention, only supervisory signal light is trans- 
ferred to the opposed line by the optical grating. Therefore, 
supervisory signal light can be transferred without affecting 
the main signal light. Also, since the reflection wavelength 
band of the optical grating is sharpened, the wavelength of ^5 
supervisory signal light may be close to the wavelength of 
the main signal light. Furthermore, since supervisory signal 
light can be transferred to the opposed line from both the 
output and input sides of optical amplifier, the input power, 
output power and amplification gain of the optical amplifier 
can also be monitored. 

Although the invention has been described with respect to 
specific embodiment for complete and clear disclosure, the 
appended claims are not to be thus limited but are to be 
construed as embodying aU modification and alternative 
constructions that may be occurred to one skilled in the art 
which fairly fall within the basic teaching here is set forth. 

What is claimed is: 

1. An optical amplifier repeater, comprising: 

a first optical amplifier that amplifies a main signal light 
and a supervisory signal light transmitted on an up 
optical-fiber transmission line; 

a second optical amplifier that amplifies the main signal 
light and the supervisory signal light transmitted on a 
down optical-fiber transmission line; 

a transfer means that transfers part of the supervisory 
signal fight transmitted on said up optical-fiber trans- 
mission line onto said down optical-fiber transmission 
line, and that transfers part of the supervisory signal jq 
light transmitted on said down optical-fiber transmis- 
sion line onto said up optical-fiber transmission fine; 

wherein said transfer means comprises an optical ampli- 
fier output side transfer means that transfers the super- 
visory signal light reflected by a first light -reflecting 55 
means inserted to the output side of said first optical 
amplifier to the output side of said second optical 
amplifier and transfers supervisory signal light 
reflected by a second light-reflecting means inserted to 
the output side of said second optical amplifier to the 50 
output side of said first optical amplifier. 

2. An optical amplifier repeater, according to claim 1, 
wherein: 

said first light -reflecting means is inserted in series to said 
up optical-fiber transmission line; ^5 

said second light-reflecting means is inserted in series to 
said down optical-fiber transmission line; 
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a first optical coupler is inserted between said first optical 
amplifier and said first light-reflecting means; 

a second optical coupler is inserted between said second 
optical amplifier and said second light-reflecting 
means; 

said supervisory signal light refleaed by said first light- 
reflecting means is divided to a second-order side 
transmission line by said first optical coupler and then 
is led through an optical transmission line connecting 
between the second-order side transmission line of said 
first optical coupler and a second -order side transmis- 
sion fine of said second optical coupler to the second- 
order side transmission line of said second optical 
coupler, where supervisory signal light is coupled to a 
first-order side transmission line of said second optical 
coupler; and 

said supervisory signal light reflected by said second 
light-reflecting means is divided to the second-order 
side transmission line by said second optical coupler 
and then is led through the optical transmission line 
connecting between the second -order side transmission 
line of said first optical coupler and the second-order 
side transmission line of second optical coupler to the 
second-order side transmission line of said first optical 
coupler, where supervisory signal light is coupled to a 
first-order side transmission line of said first optical 
coupler. 

3. An optical amplifier repealer, according to claim 2, 
wherein: 

said optical couplers have the first-order side transmission 
line inserted in series to said up or down optical-fiber 
transmission line, wherein light transmitted through the 
first-order side transmission line is coupled to the 
second-order side transmission line, a connectionless 
port on the second-order side transmission line being 
terminated by a reflectionless terminal, and light trans- 
mitted through the second-order side transmission line 
is coupled to the first-order side transmission line. 

4. An optical amplifier repeater, according to claim 1, 
wherein: 

said first light-reflecting means is connected to the for- 
ward output port of a second -order side transmission 
line of a first optical coupler disposed on the output side 
of said first optical amplifier; 

a second light-reflecting means is connected to the for- 
ward output port of a second -order side transmission 
line of a second optical coupler disposed on the output 
side of said second optical amplifier; 

said supervisory signal light refleaed by said first light- 
reflecting means is led from the second-order side 
transmission line of said first optical coupler through an 
optical transmission fine connecting between a reverse 
output port of the second -order side transmission line 
of said first optical coupler and the reverse output port 
of the second-order side transmission line of said 
second optical coupler, where supervisory signal light 
is optically coupled to a first-order side transmission 
line of said second optical coupler; and 

said supervisory signal light reflected by said second 
light-reflecting means is led from the second-order side 
transmission line of said second optical coupler through 
the optical transmission line connecting between the 
reverse output port of the second -order side transmis- 
sion line of said first optical coupler and the reverse 
output port of the second-order side transmission fine 
of said second optical coupler to the second -order side 
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transmission line of said first optical coupler, where 
supervisory signal light is optically coupled to a first- 
order side transmission line of said first optical coupler. 

5. An optical amplifier repeater, according to claim 4, 
wherein: 5 

said optical couplers have the first-order side transmission 
line inserted in series to said up or down optical-fiber 
transmission line, wherein light transmitted through the 
first-order side transmission line is coupled to the 
second-order side transmission line, a connectionless lo 
port on the second-order side transmission line being 
terminated by a refieclionless terminal, and light trans- 
mitted through the second-order side transmission line 
is coupled to the first-order side transmission line. 

6. An optical amplifier repeater, according to claim 1, 15 
wherein: 

said light-re fleeting means are composed of an optical 
grating. 

7. An optical amplifier repealer, according to claim 6, 
wherein: 20 

said optical grating is an optical fiber grating. 

8. An optical amplifier repeater, according to claim 6, 
wherein: 

said optical grating is an optical waveguide grating. 

9. An optical amplifier repeater, according to claim 6, 25 
wherein: 

said optical grating is connected to a second-order side 
transmission line of an optical coupler, connected in 
series to an optical attenuator at one end, and termi- 
nated by a refieclionless terminal at another end. 

10. An optical amplifier repealer, according lo claim 6, 
wherein: 

part or all of said optical grating is composed of a cascade 
of multiple optical gratings with different reflection 
wavelengths. ■'^ 

U. An optical amplifier repeater, according to claim 1, 
wherein: 

a reflection wavelength of said first light-reflecting means 
is set different from that of said second light-reflecting 

40 

means. 

12. An optical amplifier repeater, according to claim 1, 
wherein: 

said supervisory signal light is light modulated by a 
proper modulation. 

13. An optical amplifier repeater, comprising: 

a first optical amplifier that amplifies main signal light and 
supervisory signal light transmitted on an up optical- 
fiber transmission line; 

a second optical amplifier that amplifies the main signal 50 
light and the supervisory signal light transmitted on a 
down optical-fiber transmission line; 

a transfer means that transfers pan of the supervisory 
signal light transmitted on said up optical-fiber trans- 
mission line onto said down optical-fiber transmission 55 
line, and that transfers part of the supervisory signal 
light transmitted on said down optical- fiber transmis- 
sion line onto said up optical-fiber transmission line; 

wherein said transfer means comprises an optical ampli- 
fier input side transfer means that transfers supervisory 60 
signal light reflected by a third light-reflecting means 
inserted to an input side of said first optical amplifier to 
an output side of said second optical amplifier, and 
transfers the supervisory signal light reflected by a 
fourth light-reflecting means inserted to an input side of 65 
said second optical amplifier to an output side of said 
first optical amplifier. 
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14. An optical amplifier repeater, according lo claim 13, 
wherein: 

said third light-reflecting means is inserted in series to 
said up optical-fiber transmission line; 

said fourth light -reflecting means is inserted in series to 
said down optical-fiber transmission line; 

said supervisory signal light reflected by said third light- 
reflecting means is transferred through first and second 
optical couplers in a pre -stage optical amplifier repeater 
to said down optical -fiber transmission line; and 

said supervisory signal light reflected by said fourth 
light-reflecting means is transferred through the first 
and second optical couplers in a pre-stage optical 
amplifier repeater to said up optical-fiber transmission 
line, 

15. An optical amplifier repeater, according to claim 14, 
wherein: 

said optical couplers have a first-order side transmission 
line inserted in series to said up or down optical- fiber 
transmission line, wherein light transmitted through the 
first-order side transmission line is coupled to a second- 
order side transmission line, a connectionless port on a 
second-order side transmission line being terminated 
by a refieclionless terminal, and light transmitted 
through the second-order side transmission line is 
coupled to the first -order side transmission line. 

16. An optical amplifier repeater, according to claim 13, 
wherein: 

said third light-reflecting means is connected to a forward 
output port of a second-order side transmission line of 
a third optical coupler disposed on the input side of said 
first optical amplifier; 

said fourth light-reflecting means is connected lo the 
forward output port of a second -order side transmission 
line of a fourth optical coupler disposed on the input 
side of said second optical amplifier; 

said supervisory signal light reflected by said third light - 
reflecting means and then divided by said third optical 
coupler lo be led reversely through said up optical- fiber 
transmission line is transferred through first and second 
optical couplers in a pre -stage optical amplifier repeater 
to said down optical-fiber transmission line; and 

said supervisory signal light reflected by said fourth 
light-reflecting means and then divided by said fourth 
optical coupler to be led reversely through said down 
optical-fiber transmission line is transferred through the 
first and second optical couplers. 

17. An optical amplifier repeater, according to claim 16, 
wherein: 

said optical couplers have a first -order side transmission 
line inserted in series to said up or down optical- fiber 
transmission line, wherein light transmitted through the 
first-order side transmission line is coupled to the 
second-order side transmission line, a connectionless 
port on the second-order side transmission line being 
terminated by a refieclionless terminal, and light trans- 
mitted through the second-order side transmission line 
is coupled to the first-order side transmission line, 

18. An optical amplifier repeater, according to claim 13, 
wherein: 

said light-reflecting means are composed of an optical 
grating. 

19. An optical amplifier repeater, according to claim 18, 
wherein: 

said optical grating is an optical fiber grating. 
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20. An optical amplifier repeater, according to claim 18, 
wherein: 

said optical grating is an optical waveguide grating. 

21. An optical amplifier repeater, according to claim 18, 
wherein: 

said optical grating is connected to a second-order side 
transmission line of an optical coupler, connected in 
series to an optical attenuator at one end, and termi- 
nated by a reflect ionless terminal at another end. 

22. An optical amplifier repeater, according to claim 18, 
wherein: 

part or all of said optical grating is composed of a cascade 
of multiple optical gratings with different reflection 
wavelengths. 

23. An optical amplifier repeater, according to claim 13, 
wherein: 

a reflection wavelength of said third light-reflecting 
means is set different from that of said fourth light- 
reflecting means. 

24. An optical amplifier repeater, according to claim 13, 
wherein: 

said supervisory signal light is light modulated by a 
proper modulation. 

25. An optical amplifier repeater, comprising: 

a first optical amplifier that ampHfies main signal fight and 
supervisory signal light transmitted on an up optical- 
fiber transmission line; 

a second optical amplifier that amplifies main signal light 
and supervisory signal light transmitted on a down 
optical-fiber transmission line; 

a transfer means that transfers part of supervisory signal 
light transmitted on said up optical-fiber transmission 
line onto said down optical-fiber transmission line, and 
that transfers part of supervisory signal light transmit- 
ted on said down optical-fiber transmission line onto 
said up optical-fiber transmission line; 

wherein said transfer means comprises an optical ampli- 
fier output side transfer means that transfers supervi- 
sory signal light reflected by a first light -re flect'ing 
means inserted to an output side of said first optical 
amplifier to an output side of said second optical 
amplifier, and transfers supervisory signal light 
reflected by a second light-reflecting means inserted to 
the output side of said second optical amplifier to the 
output side of said first optical amplifier, and an optical 
amplifier input side transfer means that transfers super- 
visory signal light reflected by a third Ught -reflecting 
means inserted to the input side of said first optical 
amplifier to output side of said second optical amplifier, 
and transfers supervisory signal light reflected by a 
fourth light-reflecting means inserted to an input side of 
said second optical amplifier to the output side of said 
first optical amplifier. 

26. An optical amplifier repeater, according to claims 25, 
wherein: 

said first Ught-reflecting means is connected to a forward 
output port of a second-order side transmission line of 
a first optical coupler disposed on the output side of 
said first optical amplifier; 

said second fight-reflecting means is connected to the 
forward output port of a second-order side transmission 
line of a second optical coupler disposed on the output 
side of said second optical amplifier; 

said supervisory signal fight reflected by said first light- 
reflecting means is led from the second-order side 
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transmission fine of said first optical coupler through an 
optical transmission fine connecting between a reverse 
output port of the second -order side transmission line 
of said first optical coupler and a reverse output port of 
5 the second -order side transmission fine of said second 
optical coupler to the second-order side transmission 
line of said second optical coupler, where supervisory 
signal fight is optically coupled to a first-order side 
transmission line of said second optical coupler; 

said supervisory signal light reflected by said second 
light- re fleeting means is led from the second-order side 
transmission line of said second optical coupler through 
the optical transmission line connecting between the 
reverse output port of the second -order side transmis- 
sion fine of said first optical coupler and the reverse 
output port of the second-order side transmission fine 
of said second optical coupler to the second-order side 
transmission line of said first optical coupler, where 
supervisory signal light is opfically coupled to a first - 
order side transmission line of said first optical coupler; 
20 said third light-reflecting means is connected to the for- 
ward output port of the second-order side transmission 
fine of a third optical coupler disposed on the input side 
of said first optical amplifier; 

said fourth light-reflecting means is connected to the 
2^ forward output port of the second-order side transmis- 
sion line of a fourth optical coupler disposed on the 
input side of said second optical ampUfier; 

supervisory signal light reflected by said third fight- 
reflecting means and then divided by said third optical 
coupler to be led reversely through said up optical-fiber 
transmission line is transferred through the first and 
second optical couplers in a pre-stage optical amplifier 
repeater to said down optical-fiber transmission line; 
and 

supervisory signal light reflected by said fourth fight- 
reflecting means and then divided by said fourth optical 
coupler to be led reversely through said down optical- 
fiber transmission line is transferred through the first 
and second optical couplers in a pre-stage optical 
amplifier repeater to said up optical-fiber transmission 
fine. 

27. An optical ampfifier repeater, according to claim 26, 
wherein: 

said optical couplers have the first-order side transmission 
hne inserted in series to said up or down optical- fiber 
transmission line, wherein light transmitted through the 
first-order side transmission line is coupled to the 
second -order side transmission line, a connectionless 
port on the second-order side transmission line being 
terminated by a reflection less terminal, and light trans- 
mitted through the second-order side transmission line 
is coupled to the first-order side transmission line. 

28. An optical ampfifier repeater, according to claim 25, 
wherein: 

said light-reflecting means are composed of an optical 
grating, 

29. An opUcal ampfifier repeater, according to claim 28, 
wherein: 

go said opfical grating is an optical fiber grating. 

30. An optical ampfifier repeater, according to claim 28, 
wherein: 

said optical grating is an optical waveguide grating. 

31. An opfical ampfifier repeater, according to claim 28, 
65 wherein: 

said optical grating is connected to a second-order side 
transmission line of an optical coupler, connected in 
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series to an optical attenuator at one end, and termi- 
nated by a reflectionless terminal at another end. 

32. An optical amplifier repealer, according to claim 28, 
wherein: 

part or all of said optical grating is composed of a cascade ^ 
of multiple optical gralings with different reflection 
wavelengths. 

33. An optical amplifier repeater, according to claim 25, 
wherein: 

a reflection wavelength of said first light-reflecting means 
is different from that of said third light-reflecting 
means, and the reflection wavelength of said second 
light-reflecting means is different from that of said 
fourth light-reflecting means. 

34. An optical amplifier repeater, according to claim 25, 
wherein: 

a reflection wavelength of said first light-reflecting means 
is set different from that of said second light -reflecting 
means. 2o 

35. An optical amplifier repeater, according to claim 25, 
wherein: 

said supervisory signal light is light modulated by a 
proper modulation. 

36. An optical amplifier repeater, comprising: 25 
a first optical amplifier that amplifies a main signal light 

and a supervisory signal light transmitted on an up 
optical-fiber transmission line; 

a second optical amplifier that amplifies the main signal 
light and the supervisory signal light transmitted on a ^0 
down optical-fiber transmission line; 

a transfer means that transfers part of the supervisory 
signal light transmitted on said up optical-fiber trans- 
mission line onto said down optical-fiber transmission 
line, and that transfers part of the supervisory signal 
light transmitted on said down optical- fiber transmis- 
sion line onto said up optical-fiber transmission line; 

wherein said transfer means comprises a first light- 
reflecting means that is connected to a forward output 
port of a second-order side transmission line of a first 
optical coupler disposed on the output side of said first 
optical amplifier, a second light-reflecting means that is 
connected to the forward output port of the second- 
order side transmission line of a second optical coupler 
disposed on an output side of said second optical 
amplifier, a third light-reflecting means that is con- 
nected to the forward output port of the second -order 
side transmission line of a third optical coupler dis- 
posed on an input side of said first optical amplifier, a 
fourth light-reflecting means that is connected to the 
forward output port of the second-order side transmis- 
sion line of a fourth optical coupler disposed on the 
input side of said second optical amplifier, an optical 
transmission line that cormects between a reverse out- 
put port of the second-order side transmission line of 
said fourth optical coupler and a reverse output port of 
the second-order side transmission line of said first 
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Optical coupler, and an optical transmission line that 
connects between a reverse output port of the second - 
order side transmission line of said second optical 
coupler and a reverse output port of the second-order 
side transmission line of said third optical coupler. 

37. An optical amplifier repeater, according to claim 36, 
wherein: 

said light-reflecting means are composed of an optical 
grating. 

38. An optical amplifier repeater, according to claim 37, 
wherein: 

said optical grating is an optical fiber grating. 

39. An optical amplifier repeater, according to claim 37, 
wherein: 

said optical grating is an optical waveguide grating. 

40. An optical amplifier repeater, according to claim 37, 
wherein: 

said optical grating is connected to a second-order side 
transmission line of an optical coupler, connected in 
series to an optical attenuator at one end, and termi- 
nated by a reflectionless terminal at another end. 

41. An optical amplifier repeater, according to claim 37, 
wherein: 

part or all of said optical grating is composed of a cascade 
of multiple optical gratings with different reflection 
wavelengths. 

42. An optical amplifier repeater, according to claim 36, 
wherein: 

a reflection wavelength of said first light-reflecting means 
is different from that of said third light-reflecting 
means, and the reflection wavelength of said second 
light-reflecting means is different from that of said 
fourth light-reflecting means. 

43. An optical amplifier repeater, according to claim 36, 
wherein: 

a reflection wavelength of said first light -re fleeting means 
is set different from that of said second light-reflecting 
means. 

44. An optical amplifier repeater, according to claim 36, 
wherein: 

said optical couplers have a first -order side transmission 
line inserted in series to said up or down optical-fiber 
transmission line, wherein light transmitted through the 
first-order side transmission line is coupled to the 
second-order side transmission line, a connectionless 
port on the second-order side transmission line being 
terminated by a reflectionless terminal, and light trans- 
mitted through the second-order side transmission line 
is coupled to the first-order side transmission line. 

45. An optical amplifier repeater, according to claim 36, 
wherein: 

said supervisory signal light is light modulated by a 
proper modulation. 

« « * * « 
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